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Abstract 
The optical properties of venetian blind for the double skin facades have great influence on the thermal performance of the 
double skin facades. A mixed method refers to an approach combines ray tracing and radiosity method is used to describe the 
optical properties of the venetian blind. Based on the optical model, a solar control strategy is developed to reduce the solar heat 
gain of the double skin facades. This solar control strategy can be used for the automated blind control in the practical application. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Double skin façades are popular envelope type in the modern buildings, especially in the commercial buildings 
for their good aesthetics, super visual comfort, and good acoustic. However, the overheating risk is a serious 
problem when large solar radiation energy transmits through the glazing facade in summer, such as hot summer ˂ 
cold winter region and hot summer and warm winter region in China.  
Venetian blinds are a common shading device used to reduce the solar heat gain of the double skin facades. An 
effective solar control strategy for the double skin facade with Venetian blind based on an appropriate approach is 
necessary. The venetian blinds are treated as ideal diffusers and the radiosity method is usually used to calculate the 
diffuse-diffuse radiation by dividing the blind into four or six parts [1-3]. Considering the scattering characteristics 
of the slat surfaces (the solar radiation was split into specular and diffuse parts) and using the ray tracing method [4-
6] to deal with the specular reflection part is an effective method to calculate the optical properties of venetian blind. 
Overheating is a serious issue in the modern buildings with double skin facades, which need an appropriate solar 
control strategy [7, 8]. Tilmann [9] not only developed a general evaluation method for facades with venetian blinds 
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or other solar control systems, but also developed a method for building simulation programs which could be used 
for the modeling of complex facades. Control the venetian blinds to protect occupants from direct solar glare [10] is 
a common method for the solar control. Solar properties are always conflict with the visible optical properties. Cut-
off angle control method [11-13] is the most common method to keep balance with the solar and visible optical 
properties. The former mentioned cut-off angle control method which is defined as the blind tilt angle beyond which 
no direct radiation is being transmitted through the slats [14].  
In this paper a mathematical model of the venetian blind is presented. The mixed ray-tracing and radiosity method 
is used to calculate the optical properties of the venetian blind. Based on this approach, a solar control strategy is 
proposed, which aims to reduce the solar heat gain of the double skin façade and to consider the daylight. 
2. Optical properties of the blind 
A 2-D venetian blind element is used to analyze the optical properties, which consists of two slats (upper and 
bottom slats) and two fictitious edges (Fig.1). The slat width is W, and the distance of the upper and down slats is S. 
Beam-beam radiation consists of two parts: transmits as the beam radiation after several inter-reflections and the 
incident beam radiation transmits through the blind element directly without striking the slat. The total beam-beam 
transmittance of the venetian blind is the function of the shining factor ξ (ξ equals 1 for the pure diffuse reflection 
and 0 for the pure specular reflection.), the slat reflectance, and the number of inter-reflections and the 
corresponding proportions. And the total beam-beam reflectance of the venetian blind is related to the shining factor, 
the slat reflectance, and the reflection proportion. These can be expressed as: 
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where, τblind,bband rblind,bb are transmittance and reflectance of beam-beam radiation, ξ is the shining factor, rslat is the 
slat reflectance, rai is the proportion of the beam-beam reflection corresponding to the i inter-reflections, and Ra is 
the proportion of the radiation backloss at the illuminated side of the blind. 
 
 
Fig.1. Beam-beam and beam-diffuse radiation of the venetian blind. 
Beam-diffuse radiation transmittance and reflectance depend on the beam-diffuse radiation source flux and the 
number of inter-reflections. The irradiance vector of each segment E can be solved in the following matrix form: 
BXE 1      (3) 
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The coefficient matrix X of the Eq. (3) is given by 
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B is the row vector of the beam-diffuse flux, and the transpose of it is 
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where, Ib is the beam radiation intensity, Fij is the view factor between surface i and j. 
The radiosity method is used to calculate the diffuse-diffuse transmittance and reflectance of the venetian blind. 
The venetian blind are divided into 5 segments as shown in Fig.2. 
 
 
Fig.2. Example of radiation exchange between segment 3 of the upper and bottom slats.  
The front and back energy balance equation of the ith segment are 
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where, Edd fj and Edd bj  are the front and back diffuse-diffuse irradiance of jth segment, respectively. rfi and τfi are the 
front reflectance and transmittance of ithe segment, respectively.  
For the venetian blind element as shown in Fig.2, rf0, rf6, rb0, rb6 are equal to 0, and τf0, τf6 , τb0, τb6are equal to 1. 
The diffuse-diffuse transmittance of the venetian blind is 
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And the diffuse-diffuse reflectance of the venetian blind is 
d
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where, τblind,dd and rblind,dd are transmittance and reflectance of beam-beam radiation, Id is the diffuse radiation 
intensity. 
3. Solar control strategies 
Solar control is necessary for energy conservation and thermal comfort. The analysis of former contents 
illustrated that the solar heat gain can be reduced by increasing the W/S ratio and adopting the low reflectance 
venetian blind. In fact, adjusting the venetian blind to control solar radiation is the most effective and convenient 
strategy in the practical applications. As shown in Fig. 3, a critical angle which presents the incident rays 
perpendicular to the slat surfaces is proposed based on the optical model developed in this study. When the solar 
profile angle is greater the critical angle, the incident beam radiation will fully reflect. The critical angle φcritical angle 
is calculated by 
EM q 90anglecritical    (10) 
where, β is the solar profile angle (an 2D angle related to the solar altitude and the solar surface azimuth). 
 
 
Fig. 3. Critical angle for the venetian blind control.  
Changsha is in the hot summer and cold winter region of China. Buildings are subjected to overheating for the 
large solar heat gain of envelopes, especially for the east and west facing envelopes. Fig. 4 shows the critical angles 
at different true solar time for different orientation venetian blind controlling in Changsha. It is found that the 
critical angle is related to the orientation, the true solar time and the month. The changing of the critical angle for 
east and west facing venetian blind concentrates in the forenoon (6h-12h) and afternoon (13h-18h), respectively. 
While, the critical angle of the south and north facing venetian blinds are very different every month, because the 
solar altitude changes great or there is no beam radiation irradiants on these facades sometimes. 
 
1190   Yanjin Wang et al. /  Procedia Engineering  121 ( 2015 )  1186 – 1192 
 
     
      
Fig. 4. Critical angle of the venetian blind in Changsha: a) East, b) South, c) West, (d) North. 
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Fig. 5. Solar transmittance under the critical angle of the venetian blind in Changsha: a) East, b) South, c) West, d) North. 
Fig.5 shows the solar transmittance under the critical angle of the venetian blind in Changsha. For the East facing 
orientation, the transmittance increases with time (Fig. 5 a)). As the sun rises during 6:00-12:00, the solar profile 
angle increases, and the slat critical decreases. For the West facing orientation, the total solar transmittance variation 
tendency is in contrast to the East one (Fig. 5 c)). While, the total solar transmittance of the South and North facing 
orientation venetian blinds are nearly symmetric. The maximum total solar transmittance is about 0.32. When the 
solar profile angle is large, the slat critical angle is small, and then the diffuse transmittance is the main part. 
The solar control method not only can decrease the total solar transmittance but also can avoid the glare problem. 
If the beam radiation directly incidents on the double skin facades, adjusting the slat angle is an effective solar 
control strategy. The present solar control strategy both considers the solar heat gain control and the daylight. The 
solar control critical angle is smaller than the one in the previous cut-off angle, which illustrates that the 
transmittance will be smaller. 
4. Conclusions 
An optical model is proposed to calculate the optical properties of the venetian blind in this paper. The mixed 
method refers to an approach combines ray tracing and radiosity method is adopted to describe the optical properties 
of the venetian blind. Based on the optical model, a solar control strategy is developed to reduce the solar heat gain 
of the venetian blind. The solar control strategy can be used for the automated blind control in the practical 
application. 
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